Gut and Liver, Vol. 6, No. 4, October 2012, pp. 505-511 



ORIGINAL ARTICLE 



The Effect of Intestinal Permeability and Endotoxemia on the Prognosis of 
Acute Pancreatitis 

Young Yool Koh*, Woo Kyu Jeon*, Yong Kyun Cho*, HongJoo Kim*, Won Gil Chung*, Chang Uk Chon*, Tae Yun 0h f , and 
Jun Ho Shin* 

Departments of "Internal Medicine, f Thoracic and Cadiovascular Surgery, and f Surgery, Kangbuk Samsung Hospital, Sungkyunkwan University 
School of Medicine, Seoul, Korea 



Background/Aims: Early intestinal mucosal damage plays 
an important role in severe acute pancreatitis (AP). Previous 
studies have shown that intestinal permeability (IP), serum 
endotoxin and cytokines contribute to the early intestinal 
barrier dysfunction in AP. This study explored the predictive 
capacity of IP, endotoxemia and cytokines as prognostic in- 
dicators in AP patients. Methods: Eighty-seven AP patients 
were included in the study. The patients were classified into 
three groups according to the Balthazar computed tomog- 
raphy severity index (CTSI). We compared the biochemical 
parameters, including IP, serum endotoxin level and cytokine 
level among the three groups. The associations of IP with 
serum endotoxin, cytokines, CTSI, and other widely used 
biochemical parameters and scoring systems were also 
examined. Results: IP, serum endotoxin, interleukin (IL-6) 
and tumor necrosis factor (TNF)-a had a positive correlation 
with the CTSI of AP. Endotoxin, IL-6, TNF-a, CTSI, the Ranson/ 
APACHE II score, the duration of hospital stay, complications 
and death significantly affect IP in the AP patients. Conclu- 
sions: We believe that IP with subsidiary measurements of 
serum endotoxin, IL-6 and TNF-a may be reliable markers 
for predicting the prognosis of AP. Further studies that can 
restore and preserve gut barrier function in AP patients are 
warranted. (Gut Liver 2012;6:505-511) 
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INTRODUCTION 

The intestine is most externally exposed to the environment 



among internal organs. It not only exerts basic actions for the 
uptake, digestion, absorption, anabolism and excretion of food, 
but also plays an important role in immunological function by 
forming an effective barrier to inhibit the absorption of harmful 
materials such as bacteria, toxin, antigens and cytokines related 
to inflammation. 1 Although the mechanism of intestinal barrier 
damage in acute pancreatitis (AP) is complicated and has not 
yet been elucidated, it has been reported that intestinal barrier 
damage occurs as a result of intestinal ischemia secondary to 
local and systemic inflammatory reactions and hypovolemic 
shock in the early stage of AP which increases intestinal perme- 
ability (IP) and causes endotoxemia. 2 Products and toxins from 
the intestinal flora or microbial organisms enter blood circula- 
tion following intestinal barrier damage, which can cause sepsis 
and multi-organ failure which are the main causes of death in 
patients with AP. 3 It has recently been demonstrated that endo- 
toxins, mast cells and inflammatory mediators, including tumor 
necrosis factor (TNF)-a, interleukin (UJ-6 and platelet-activating 
factor, contribute to the development of intestinal barrier dam- 
age in early phase of AP. 4 " 8 

Balthazar computed tomography severity index (CTSI) is a 
10 point scoring system derived from assessing the degree of 
pancreatic and peri-pancreatic inflammation (0 to 2 points), 
the presence and number of peri-pancreatic fluid collections (0 
to 2 points), the presence and degree of pancreatic parenchy- 
mal non-enhancemenet or necrosis (0 to 6 points). 9 The CTSI 
is superior to the Ranson score, Acute Physiology and Chronic 
Health Evaluation (APACHE) H or hT score and serum C-reactive 
protein (CRP) concentration in predicting AP outcome. 10 " 

This study was conducted to investigate whether an increase 
of IP and endotoxemia may be related to prognostic indicators 
such as the CTSI and to examine whether inflammatory media- 
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tors contribute intestinal barrier damage in AP patients through 
the relationship between LP, endotoxemia and serum TNF-a/LL- 
6. 

MATERIALS AND METHODS 

1. Patients 

A total of 1 18 patients with AP who were admitted to Kang- 
buk Samsung Hospital between July 2007 and February 2010 
were prospectively studied in the study. Consent was given by 
each patient after a complete description of the study protocol. 
AP was diagnosed when subjects had clinical symptoms of AP 
including acute abdominal pain, a three- or more fold increase 
in serum amylase above the normal value and suggestive com- 
puted tomography (CT) findings of AP. Exclusion criteria were 
as follows: 1) chronic gastrointestinal disease at admission, 2) 
past medical history of operations other than appendectomy, 3) 
renal disease, 4) diabetes mellitus, 5) ingestion of drugs (aspirin, 
non-steroidal anti-inflammatory drug, steroid or misoprostol) 
that are known to affect LP, 6) consumption of materials (gluta- 
mine, bovine colostrums, nucleic acid or omega-3 unsaturated 
fatty acid) during the 7 days of the test that may affect LP, 7) a 
24-hour glomerular filtration rate of <50 mL/hr, and 8) previous 
history of hypersensitivity reaction to radioisotope. 

In a total of 118 patients, 31 were excluded by exclusion 
criteria, and 87 were included in the study. Patients were diag- 
nosed with alcoholic AP when 1) they apparently ingested large 
amounts of alcohol for a long time, 2) they showed no biliary 
stone by hepatobiliary ultrasonography (US), CT or endoscopic 
retrograde cholangiopancreatography (ERCP), and 3) other 
etiologic factors were not suspected. The cause of AP was con- 
sidered as biliary stone when a stone or a biliary sludge of the 
gallbladder or common bile duct was confirmed with abdominal 
US, CT, ERCP, or laparotomy. The cause of AP was considered 
idiopathic when no specific causes (which included serum tri- 
glycerides, calcium, phosphate, infectious serological screen, 



drug, trauma, autoimmune, and anormaly) were identified. 12 The 
study proposal was approved by the Institutional Review Board 
of our hospital. 

2. Methods 

The IP test was performed within 72 hours of the onset of 
AP symptoms. All patients underwent abdominal CT before the 
LP test. The serum levels of endotoxin, LL-6, and TNF-a were 
measured within 24 hours of admission. The serum CRP test 
was performed at admission and 48 hours after admission. The 
routine complete blood cell (CBC) test and blood chemistry were 
performed before the LP test. AP severity was estimated with 
obtaining the Ranson and APACHE-II scores 48 hours later. The 
CTSI was calculated at 72 hours after admission with assigning 
numerical values to the Balthazar CT grades (A-E) and necrosis 
categories, and summing up these numbers (Table 1). All CT 
scores were calculated from the dictated reports as provided by 
a single departmental radiologist at the time the CT scan was 
performed. The grades were grouped as follows: group I, CTSI 0 
to 2; group LT, CTSI 3 to 6; and group m, CTSI 7 to 10. Compli- 
cations were defined as organ failure (shock, pulmonary insuf- 
ficiency, renal failure and gastrointestinal bleeding) and/or local 
complications (necrosis, abscess and pseudocyst) according to 
the Atlanta criteria. 12 

The IP test was performed with lactulose and mannitol. After 
fasting for at least 8 hours, a mixture of 100 mL of water, 10 g 
of lactulose, and 5 g of mannitol was administered following 
urination. Thereafter, 2 mL of 8-hour urine was stored at -20°C 
until needed. The recovered amount of lactulose in urine was 
measured by solid-phase enzyme-linked immunosorbent assay 
(ELISA) using a K-LACTUL kit (Incorporating reagents for use in 
the procedure described by ISO Method 11285:2004; Megazyme 
International Ireland Ltd., Wicklow, Ireland). CRP was measured 
using a Behring Nephelometer Analyzer II (Dade Behring, Mar- 
bug, Germany). CBC was measured using a LH 750 Analyzer 
(Beckmancoulter Inc., Fullerton, CA, USA). Blood chemistry was 



Table 1. Balthazar CT Severity Index 



CT grade 


Grade score 


Definition 


A 


0 


Normal pancreas 


B 


1 


Focal or diffuse enlargement/heterogeneity 


C 


2 


Intrinsic abnormality and haziness/streaky densities in peri-pancreatic fat 


D 


3 


Single, ill defined fluid collection 


E 


4 


Two or more ill-defined collections or pancreatic/peri-pancreatic gas 


Gland necrosis (°/o) 


Necrosis score 


Definition 


None 


0 


Uniform pancreatic enhancement 


<30 


2 


Non-enhancement of region(s) of gland equivalent in size to pancreatic head 


30-50 


4 


Non-enhancement of 30-50°/o of the gland 


>50 


6 


Non-enhancement of over 50°/o of the gland 



Balthazar computed tomography (CT) severity index, necrosis score+grade score. 
Modified from Balthazar et al. Radiology 1990;174:331-336, with permission. 9 
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Table 2. Clinical Characteristics according to the CT Severity Index of the Study Patients 








Variable 


Total (n=87) 


Group I (n=38) 


fxTrtiTn TT In — Tftl 

U1UUU 11 ^11 — -JUJ 


frrnnn Tit fn-13l 

VJ1ULIU 111 ^11 — 1 J J 


r\ — ^ 7Q 1 1 1 p 

U V dlLlC 


Sex, male:female* 


75:12 


31:7 


33:3 


1 1:2 


0.446 


Age, yr 


48.2±13.9 


48.8±13.9 


48.2±14.1 


46.2+14.1 




Etiology, n [<¥of 










0.840 


Alcoholic 


54 (62.1) 


24 (63.2) 


23 (63.9) 


7 (53.8) 


0.618 


Biliary 


10 (11.5) 


6 (15.8) 


2 (5.6) 


2 (15.4) 




Idiopathic 


14(16.1) 


6 (15.8) 


7 (19.4) 


1 (7.7) 




Metabolic 


3 (3.4) 


0 (0.0) 


2 (5.6) 


1 (7.7) 




Traumatic 


3 (3.4) 


1 (2.6) 


1 (2.8) 


1 (7.7) 




Autoimmune 


1 (ED 


1 (2.6) 


n In} 
0 (OJ 


0 (0.0) 




Anormalous 


2 (2.3) 


0 (0.0) 


1 (2.8) 


1 (7.7) 




WBC, /mm 3 


1 1,492.8±4,236.8 


10,595.8±4,706.7 


12,075.8±4,199.2 


12,500.0±2,060.3 


0.212 


Hgb, mg/dL 


14.23+1.77 


14.22±1.81 


14.12±1.73 


14.57±1.86 


0.738 


Platelet, xl0 3 /mm 3 


270.3± 104.5 


270.0±93.1 


274.7±113.0 


258.5±1 18.7 


0.894 


BUN, mg/dL 


13.78±5.79 


12.53±4.48 


14.13±5.24 


16.48±9.23 


0.094 


Creatine, mg/dL 


1.10±0.22 


1.12±0.25 


1.05±0.15 


1.15±0.29 


0.247 


Total bilirubin, mg/dL 


1.69±1.19 


1.86±1.11 


1.50±1.33 


1.72±1.03 


0.419 


ALT, IU/L 


118.9±182.9 


136.9±164.1 


101.9±188.6 


113.7±226.0 


0.714 


AST, IU/L 


150.5±240.0 


162.4±213.2 


142.3±249.0 


138.3+301.5 


0.921 


ALP, IU/L 


100.3±55.2 


112.5±62.1 


89.5±46.0 


93.3±53.1 


0.187 


y-GT, IU/L 


202.3±290.7 


140.8± 102.2 


260.5+463.7 


302.0±257.0 


0.325 


Triglyceride, mg/dL 


134.3±60.8 


135.3±76.5 


124.9±28.5 


155.8±66.8 


0.330 


Amylase, IU/L 


560.2±666.7 


595.5±732.1 


513.6±698.5 


586.1±313.7 


0.863 


Lipase, IU/L 


1,015.2±1,487.3 


1,015.3±1,339.1 


1,048.7±1,864.3 


922.0±416.3 


0.967 


CA 19-9, ng/mL 


19.43±21.73 


10.68±14.07 


25.86±26.01 


12.23±2.69 


0.255 


Ranson score 


1.62±1.34. 


0.58±0.76 


2.22±0.96 


3.007+1.35 


<0.001 


APACHE-E score 


5.11±2.57 


3.42±1.87 


6.19±2.20 


7.08+2.40 


<0.001 


Balthazar CT grade, n (°/o) 










<0.001 


A 


15 (17.2) 


15 (37.5) 


0 (0.0) 


0 (0.0) 




B 


15 (17.2) 


15 (37.5) 


0 (0.0) 


0 (0.0) 




C 


15 (17.2) 


9 (22.5) 


6 (15.8) 


0 (0.0) 




D 


12 (13.8) 


1 (2.5) 


1 1 (28.9) 


0 (0.0) 




E 


30 (34.5) 


0 (0.0) 


21 (55.3) 


9 (100.0) 




Necrosis, n (%)* 










<0.001 


0 


45 (51.7) 


38 (100) 


7 (19.4) 


0 (0.0) 




<30 


29 (33.3) 


0 (0.0) 


29 (80.6) 


0 (0.0) 




30-50 


9 (10.3) 


0 (0.0) 


0 (0.0) 


9 (69.2) 




>50 


4 (30.8) 


0 (0.0) 


0 (0.0) 


4 (30.8) 




Initial CRP, mg/dL 


7.28±7.33 


4.29±5.00 


8.62+7.84 


12.31+8.25 


0.001 


Follow-up CRP 


6.45±6.97 


3.35±4.70 


7.77±7.05 


11.88±8.21 


<0.001 


Hospital stay, day 


13.05±8.49 


7.34±1.74 


13.94±4.09 


27.23±11.64 


<0.001 


Complication, n (°/o)* 


36 (41.4) 


0 (0.0) 


23 (63.9) 


13 (100) 


<0.001 


Mortality, n (°/o)* 


2 (2.3) 


0 (0.0) 


0 (0.0) 


2 (15.4) 


0.003 



Data are presented as mean+SD. All comparisons were performed using the one-way AN0VA. Group I, CT severity index 0-2; Group n, CT sever- 
ity index 3-6; Group HI, CT severity index 7-10. 

CT, computed tomography; WBC, white blood cell; BUN, blood urea nitrogen; ALT, alanine aminotranferease; AST, aspartate aminotransferase; 
ALP, alkaline phosphatase; y-GT, y-glutamyl transferase; CRP, C-reactive protein; APACHE-II, acute physiology and chronic health evaluation 
scoring system-H 
*Chi-square tests. 
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performed using an Advial650 (Bayer Healthcare Co., Ltd., Tar- 
rytown, NY, USA). 

3. Statistical analysis 

Statistical analyses were performed using SPSS version 14.0 
(SPSS Inc., Chicago, IL, USA). Continuous variables are ex- 
pressed as mean±SD. One-way ANOVA was applied to compare 
parametric variables between the three aforementioned groups. 
Nonparametric variables were compared using the x test. Pear- 
son's and Speaman's correlations were used to investigate the 
relationship between IP and clinical variables. The associations 
between LP and correlated variables were analyzed in multivari- 
ate approach. A p-value of <0.05 was considered statistically 
significant. 

RESULTS 

1. Clinical characteristics of the three groups as classified 
with the CTSI 

A total of 87 patients (75 males and 12 females) with AP 
were included in the study. The mean age of the patients was 
48.2±13.9 years. As for the causes of AP, 54 patients had alco- 
holic, 10 patients biliary, 14 idiopathic, three metabolic, three 
traumatic, one autoimmune, and two anomalous AP. There 
were no significant differences in age, sex, and the causes of AP 
between the three groups. The serum CRP levels (at admission 
and 48 hours after admission), an indicator of acute inflam- 
matory reactions, were significantly higher in patients with 



a higher CTSI, but leukocyte counts were not. There were no 
significant differences between the three groups in laboratory 
indices of biliary obstruction or liver function including triglyc- 
eride, ALT, AST, gamma-GT, ALP, CA19-9, amylase, lipase, and 
total bilirubin. There were no significant differences between the 
three groups in laboratory indices of severe AP including renal 
function test results and hemoglobin. The duration of hospital 
stay, the rate of complication and death, Ranson and APACHE- 
LT scores were significantly higher in patients with higher CTSI 
(Table 2). 

2. IP, endotoxins and cytokines of the three groups as clas- 
sified with the CTSI 

IP and serum endotoxin were higher in patients with a 
higher CTSI. IP was 2.58±1.50% in group I, 12.19±5.1 1% in 
group LT and 20.30±8.04°/o in group ILL and the differences were 
statistically significant (p<0.001). The serum endotoxin was 

0. 120±0.113 EU/mL in group I, 0.538±0.291 EU/mL in group II, 
and 0.955±0.523 EU/mL in group IE, and the differences were 
statistically significant (p<0.001). The serum levels of IL-6 and 
TNF-a were also significantly higher in patients with a higher 
CTSI. The serum LL-6 level was 25.71±40.39 pg/mL in group 

1, 118.68±108.71 pg/mL in group II, and 127.39±82.16 pg/mL 
in group III, and the differences were statistically significant 
(p<0.001). The serum TNF-a level was 12.60±6.84 pg/mL in 
group I, 38.44±36.58 pg/mL in group LI, and 69.04±42.60 pg/ 
mL in group HI, and the differences were statistically significant 
(p<0.001) (Table 3). 



Table 3. Intestinal Permeability, Endotoxin Level and Cytokine Level according to the CT Severity Index of the Study Patients 



Total (n=87) Group I (n=38) Group II (n=36) Group IE (n= 13) p-value 



Intestinal permeability, °/o 


9.21±7.89 


2.58±1.50 


12.19±5.11 


20.30±8.04 


<0.001 


Endotoxin, EU/mL 


0.418±0.408 


0.120±0.113 


0.538±0.291 


0.955±0.523 


<0.001 


IL-6, pg/mL 


79.37±93.38 


25.71±40.39 


118.68±108.71 


127.39±82.16 


<0.001 


TNF-a, pg/mL 


31.73±34.76 


12.60±6.84 


38.44±36.58 


69.04±42.60 


<0.001 



Data are presented as mean+SD. All comparisons were performed using the one-way ANOVA test. Group I, CT severity index 0-2; Group II, CT 

severity index 3-6; Group HI, CT severity index 7-10. 

CT, computed tomography; IL, interleukin; TNF, tumor necrosis factor. 



Table 4. Intestinal Permeability, Endotoxin Level and Cytokine Level according to the Etiology of the Study Patients 



Etiology 

Alcohol (n=54) 
Gallstones (n=10) 
Idiopathic (n=14) 
Metabolic (n=3) 
Trauma (n=3) 
Autoimmune (n=l) 
Anormaly (n=2) 

p-value 



Intestinal permeability, 

8.38±6.84 
9.05±9.59 
9.14±9.64 
13.9±5.44 
13.9±9.28 
1.42±0.00 
22.74±4.08 
0.140 



Endotoxin, EU/mL 

0.437±0.435 
0.269±0.301 
0.407±0.446 
0.418±0.006 
0.521±0.385 
0.065±0.000 
0.738±0.149 
0.741 



IL-6, pg/mL 

73.78±89.53 
68.38±74.76 
61.56±43.29 
124.87±83.01 
198.18±233.73 

5.06±0.00 
200.70±191.34 
0.102 



TNF-a, pg/mL 

34.64±40.67 
27.90±26.51 
19.68±10.44 
30.13±14.10 
39.71±32.82 

8.32±0.00 
58.61±43.00 
0.690 



Data are presented as mean+SD. All the tests were performed using the one-way ANOVA test. 
IL, interleukin; TNF, tumor necrosis factor. 
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3. IP, endotoxin and cytokines according to the causes of 
AP 

There were no significant differences according to the cause 
of AP in IP, endotoxin, IL-6 and TNF-cc (p>0.05) (Table 4). 

4. Association between IP and clinical variables 

The associations between IP and endotoxin, IL-6, TNF-a 
or other prognostic indicators of AP were investigated using 
Pearson's and Spearman's correlation analyses. In all patients, 
IP showed positive correlations with endotoxin, IL-6, TNF-a, 
CRP measured at admission or 48 hours after admission, CTSI, 
Ranson score, APACHE-II score, the duration of hospital stay, 
the presence of complication and death (p<0.05). However, there 
was no significant correlation between TP and amylase or lipase 
(p>0.05) (Table 5). 

5. Clinical characteristics affecting IP 

The associations between IP and correlated variables were 
analyzed in the multi-variate approach. In the total patients, 
the p-value was 0.162 (p=0.015) for endotoxin, 0.094 (p=0.032) 
for IL-6, 0.094 (p=0.046) for TNF-a, 0.179 (p=0.016) for CTSI, 
0.172 (p=0.002) for the Ranson score, 0.102 (p=0.034) for the 
APACHE-II score, 0.141 (p=0.006) for the duration of hospital 
stay, 0.138 (p=0.029) for the presence of complication and 0.155 
(p<0.001) for death, all of which significantly affected PP. How- 
ever, the p-value was -0.115 (p=0.127) for CRP at admission 
and 0.119 (p=0.134) for CRP 48 hours after admission, which 
did not show significant correlations with IP (R 2 =0.92 1) (Table 6). 



Table 5. Correlation between Intestinal Permeability and the Clinical 
Characteristics 





R* 


p-value 


Amylase 


-0.048 


0.658 


Lipase 


0.014 


0.897 


Initial CRP 


0.414 


<0.001 


Follow-up CRP 


0.507 


<0.001 


Ranson score 


0.813 


<0.001 


APACHE-H score 


0.702 


<0.001 


CT severity index 


0.884 


<0.001 


Endotoxin 


0.842 


<0.001 


IL-6 


0.641 


<0.001 


TNF-a 


0.639 


<0.001 


Hospital stay 


0.776 


<0.001 


Complication 


0.853 


<0.001 


Death* 


0.257 


0.016 



All the tests were performed using the Pearson's correlation. 

CRP, C-reactive protein; APACHE-II, acute physiology and chronic 

health evaluation scoring system-II; CT, computed tomography; IL, 

interleukin; TNF, tumor necrosis factor. 

*R, correlation coefficient; 'Spearman's correlation. 



DISCUSSION 

Intestinal barrier damage was suggested as one of important 
mechanisms for sepsis or multi-organ failure in various diseas- 
es. 13 Capillary endothelial damage secondary to increased blood 
acidity occurs in patients with a marked decrease of intestinal 
microcirculation as in AP, which leads to intestinal barrier dam- 
age. 14 Acute complications of AP such as erosion, ulcer, bleed- 
ing of the intestinal mucosa, diarrhea and malnutrition due to 
decreased intestinal absorption capacity occur after intestinal 
barrier damage. 15 

Bacterial translocation is a phenomenon in which normal 
enteric organisms move to various organs other than the intes- 
tine due to increased TP through severe intestinal barrier dam- 
age. It is regarded as a mechanism of pancreatic infection, and 
gram-negative bacteria are its important causative pathogens. 16 
Especially, the inflow of endotoxin produced by enteric organ- 
isms into blood is called intestinal endotoxemia. 17 Particularly, 
increased IP secondary to intestinal barrier damage in severe 
pancreatitis is induced within 28 to 72 hours of the develop- 
ment of pancreatitis and thus causes systemic endotoxemia, 
consequently resulting in multi-organ failure or death. 18 

Intestinal barrier damage cannot be diagnosed with endo- 
scopic examinations or radiologic imaging studies that are 
currently being used to observe gross and anatomical lesions 
in clinical settings. The TP test, a functional test, can clinically 
diagnose intestinal barrier damage and figure out relationships 
with intestinal behaviors/diseases due to increased IP such as 
bacterial translocation, endotoxemia. IP is usually expressed 
as a percentage of the excreted amount in urine to the admin- 
istered amount of a certain test drug, and the normal value is 



Table 6. Multiple Linear Regression Analysis of the Correlated Vari- 
ables for Intestinal Permeability 



Variable 


P* 


p-value 


IL-6 


0.094 


0.032 


TNF-a 


0.094 


0.046 


Endotoxin 


0.162 


0.015 


Ranson score 


0.172 


0.002 


APACHE-H score 


0.102 


0.034 


CT severity index 


0.179 


0.016 


Initial CRP 


-0.115 


0.127 


Follow-up CRP 


0.119 


0.134 


Hospital stay 


0.141 


0.006 


Complication 


0.138 


0.029 


Death 


0.155 


<0.001 


Statistical significances were tested by multiple linear regression 
analysis (adjusted R 2 =0.921). 

TL, interleukin; TNF, tumor necrosis factor; APACHE-II, acute physi- 
ology and chronic health evaluation scoring system-II; CT, computed 
tomography; CRP, C-reactive protein. 
"Standardized regression coefficients. 
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<2°/o. 19 In clinical practice, clinicians most commonly use poly- 
saccharides, such as lactulose, which are relatively large mol- 
ecules and pass through the intercellular space of the intestinal 
mucosa and monosaccharides, such as lamnose or mannitol, 
which are relatively small molecules and move into the cell in- 
terior. 20 We used this test in the study. 

The first objective of this study was to examine whether in- 
creased IP due to intestinal barrier damage and endotoxemia 
would affect prognostic predictors of AP including the CTSI. 
The duration of hospital stay, the presence of complication, 
death and the established prognostic predictors such as CRP at 
admission and 48 hours after admission, Ranson and APACHE- 
II scores were significantly different according to the CTSI, 
satisfying the preferential hypothesis in this study that the CTSI 
can be a prognostic predictors of AP. In addition, IP and blood 
endotoxin were significantly higher in high CTSI groups than 
low groups with AP, indicating that patients with increased 
LP and endotoxin at early stages tend to have severe AP and 
serious complications. Juvonen ef ai. 16 have reported that IP in- 
creases as AP becomes more severe, which is similar to our re- 
sult. In addition, LP had positive correlations with CTSI, Ranson, 
or APACHE-LT score, CRP at admission or 48 hours after admis- 
sion, the duration of hospital stay, the presence of complication 
and death. Among them, CTSI, Ranson, or APACHE-II score, 
the duration of hospital stay, the presence of complication and 
death affect LP significantly. Based on these results, it is con- 
ceivable that early intestinal barrier damage is more severe in 
patients with severe AP than in those with mild AP and LP test 
in patients with AP may predict the severity of AP. 

The second objective of this study was to investigate the re- 
lationships of increased IP with serum endoxin, TNF-a, and LL- 
6. Endotoxemia tended to become more severe in proportion 
to IP and also significantly affected LP. This result suggests that 
reduction of LP decreases the severity of endotoxemia and thus 
protects the intestinal mucosa. IL-6, an important inflamma- 
tory mediator is primarily secreted from activated mononuclear 
phagocytic cells. Galloway ef ai. 21 have demonstrated that serum 
IL-6 levels are higher in AP patients with complications than 
in those without. It has been documented that LL-6 can predict 
the severity of AP, end-organ failure, overall mortality, and ad- 
mission duration. 22 However, there is little evidence to support 
that IL-6 is a useful predictor of the prognosis of AP in clinical 
practice. Demydov et al." have reported that TNF-a is mainly 
secreted from macrophages and is increased in patients with 
AP. It has been shown that TNF-a plays a crucial role in the 
pathogenesis of sepsis in patients with AP. 24 TNF-a increases 
the permeability of endothelial cells, decreases epithelial bar- 
rier function and thus induces intestinal barrier damage. 4 In our 
study, the serum levels of IL-6 and TNF-a became higher as the 
CTSI of AP increased. Our study supports the hypothesis that 
increased IP due to intestinal barrier damage has a positive cor- 
relation with the serum levels of LL-6 and TNF-a. It also shows 



that both LL-6 and TNF-a significantly affect IP. Based on the 
result, it is thought that treatment modalities for decreasing the 
serum levels of IL-6 and TNF-a help restore intestinal barrier 
function and reduce the severity of AP and further studies were 
needed. 

The results of this study are subject to at least three limita- 
tions. First, this study has a limitation due to its small sample 
size and short study period. Second, severe AP patients with 
renal failure were excluded from this study because decreased 
renal function can affect IP. Therefore, the number of severe AP 
patients with renal complications was relatively low. Third, this 
study mainly included patients with alcoholic pancreatitis. Pers- 
son et ai. 25 have documented that alcohol ingestion can increase 
LP and cause endotoxemia by inducing intestinal barrier dam- 
age. Since this study found that there were no significant dif- 
ferences in LP, endotoxin, and cytokines between alcoholic AP 
and AP due to other causes, the aforementioned problem can be 
minimized. Despite these limitations, this is the first study that 
revealed the correlations of LP with endotoxemia, cytokines, the 
duration of hospital stay, the presence of complication, death 
and known predictors of the prognosis of AP such as serum 
CRP, Ranson/APACHE-II scores, and CTSI. This study also in- 
dicates that the early assessment of IP, which is non-invasive 
indicator of intestinal barrier damage without complicated tests, 
can predict the prognosis of AP. Further studies with a larger 
sample size and a prospective design are needed to confirm our 
results. 

In conclusion, high LP resulting from intestinal barrier dam- 
age in early phase of AP is associated with the severity of AP 
and also have a direct relationship with endotoxemia. Thus, the 
assessment of IP and serum endotoxin level may be reliable 
and simple methods to predict the prognosis of AP. In addition, 
the subsidiary measurement of IL-6 and TNF-a can be helpful. 
Furthermore, based on these results, it is expected that preserva- 
tion and restoration of intestinal barrier function will reduce the 
morbidity and mortality of sepsis due to severe AP. 
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